frequently, but led to detection of higher percentages of seropositivity (23.7 -67.7 % and 35.9 -49 95.6 %, respectively). Attempts to grow C. psittaci in cell culture or embryonated chicken eggs 50 were successful in 2 -42.3 % and 0 -57.1 % of samples, respectively, antigen detection methods 51 were positive in 2.3 -40% of samples, while conventional PCR and real-time PCR using different 52
M a n u s c r i p t 10 zoonotic agents. Epidemiological studies in feral pigeon populations detected at least 110 organisms 234 that are pathogenic to humans (supplemented data according to Haag-Wackernagel and Moch, 235 2004 ). Eight of them were viruses, 41 bacteria, 55 fungi and 6 protozoa. However, of these human 236 pathogens harboured by feral pigeons, only seven (namely Salmonella enterica serovar Kiambu, 237
Chlamydophila psittaci, Aspergillus spp., Candida parapsilosis, Cryptococcus neoformans, 238
Histoplasma capsulatum and Toxoplasma gondii) caused a total of 230 human infections, of which 239 13 had a fatal outcome (supplemented data according to Haag-Wackernagel, 2006a; . 240
Natural infections by C. psittaci widely occur in many avian species. In a recent review, Kaleta 2006, a mean seroprevalence rate of 42.3 % was found with a minimum detection rate of 10 % and 249 a maximum of 95.6 %. Chlamydiae-excreting feral pigeons are often detected as well. In 14 250 investigations, detection of chlamydial antigen was successful in 13.2 % of feral pigeon specimens 251 with a range of values from 0 to 33.3 % (supplemented data according to Haag-Wackernagel, 252 2005) . 253
Most infected feral pigeons are asymptomatic and latent carriers of C. psittaci. Shedding of the 254 organism occurs in faeces as well as in respiratory and conjunctival secretions, often intermittently 255 and without clinical signs, which makes it difficult to assess the risk of transmission of C. psittaci to 256 other animals, including humans. Increased shedding of chlamydiae may be triggered by stress 257 factors such as other concurrent infections or infestations, lack of food, breeding and overcrowding 258 (Andersen and Vanrompay, 2003; NASPHV, 2006) . The elementary body (EB), which is theM a n u s c r i p t infectious form of C. psittaci shed from the birds, can retain its infectivity for months under suitable 260 environmental conditions (Albrecht et al., 2003) and may travel long distances, carried by the wind 261 (Kukowka et al., 1960) . Overt disease with clinical signs of depression, serous conjunctivitis, 262 blepharitis, rhinitis and diarrhea has been reported in pigeons (Andersen and Vanrompay, 2003) . 263
Lesions observed at necropsy may include conjunctivitis, hyperemia and enlargement of spleen, 264 hyperemia and degeneration of liver, enteritis and airsacculitis (Pavlak et al., 2000) . The isolation of C. psittaci in tissue culture or in embryonated chicken eggs is still referred to as the 273 gold standard for the direct diagnosis and is the preferred diagnostic method according to OIE 274 (Andersen, 2004) , but it requires specialized laboratories and expertise and is time-consuming and 275
expensive. In addition, the test requires that the viability of chlamydiae has been preserved with a 276 suitable transport media when samples are collected and forwarded to the laboratory (Andersen, 277 1998) . The use of the Buffalo Green Monkey (BGM) cell line is recommended for the isolation of 278 avian chlamydial strains (Vanrompay et al., 1992) . Chlamydial inclusions in the cytoplasm of the 279 infected cells are visualized by specific staining procedures such as Giemsa (Giemsa, 1902; 1904) 280 or Giménez (1964) , or by immunofluorescence. Immunochromatographic (ICT) and ELISA tests 281 for the detection of chlamydial antigens can be used as well and are quick and easy to perform 282 (Fudge, 1991) . These two methods can be used also for the detection of non-viable chlamydiae. 283
However, most of the commercially available kits based on these methods were originally 284 developed for detecting chlamydial species other than C. psittaci in human samples. Thus, theirM a n u s c r i p t reliability for testing animal samples (and especially faeces) is generally lower than culture-based 286 and molecular methods. In particular, false-positive results may occur due to the cross-reactivity 287 with the lipopolysaccharide (LPS) antigen of other Gram-negative bacteria (Vanrompay et al., 288 1994; Andersen, 2004) . 289
As an alternative to the cultivation of chlamydiae, molecular methods have been adopted in many 290 laboratories in the last few years. In particular, several PCR protocols have been made available. 291
The genomic targets for the PCR assays include the single ompA and ompB genes (Hewinson et Among all chlamydial species, only C. psittaci has been detected in pigeons so far. Isolates of this 304 species have been grouped into serovars by a microimmunofluorescence assay employing serovar-305 specific monoclonal antibodies (MAbs) directed against the major outer membrane protein 306 (MOMP). Six avian serovars (A to F) are currently recognized (Andersen, 1991) , and at least three 307 of them infect pigeons. Serovar B is considered to be host specific and the most prevalent pigeon-308 associated serovar worldwide (Vanrompay et al., 1993; Hoop et al., 2002; Andersen, 2005 ; 309 Laroucau et al., 2007) . Serovar E also commonly infects pigeons. Initially, it was detected less 310 frequently compared to serovar B both in the US (Andersen, 2005) and in Europe (Vanrompay et M a n u s c r i p t 13 al., 1993; 1997; Duan et al., 1999) . Serovar A, which is commonly associated with psittacine birds, 312 has also been detected in feral pigeons (Vanrompay et al., 1993) . 313
Besides serotyping, a genotyping procedure consisting of restriction enzyme analysis of the PCR-314 amplified MOMP gene (ompA) of chlamydiae (restriction fragment length polymorphism or RFLP 315 analysis) has been introduced for typing of avian C. psittaci strains (Sayada et al., 1995) . This 316 technique is highly reproducible and can be directly applied to clinical samples without the need for 317 culturing the organism. However, a major drawback is its limited discriminatory ability compared 318 to other genotyping methods. In fact, PCR-RFLP lacks high sensitivity since the DNA content of 319 the sample may not be high enough to generate large amounts of amplified product and 320 unambiguous restriction cleavage patterns. In addition, this technique fails to recognise the new 321 genotype E/B or any of the atypical C. psittaci strains. For more detailed reading on diagnostic issues, the reader is referred to the review "Recent 336 developments in the laboratory diagnosis of chlamydial infections" in this volume.M a n u s c r i p t
Serological diagnosis of chlamydial infections in feral pigeons 339 340
The most widely used serological test for detection of antibodies to C. psittaci in pigeons is the 341 complement fixation test (CFT), which is the standard test for chlamydial antibodies in birds 342 according to the OIE (Andersen, 2004) . The test was originally described by Bedson (1935) , and it 343 can be used for analysing sera from pigeons, as recommended by Page (1975) which is more sensitive than the CFT, easier to standardize and more suitable for large-scale 353 epidemiological studies, has been also recommended (Schmeer, 1983; Fudge, 1991) . several PCR protocols were applied, with genomic targets as diverse as the ompA, the 16S rRNA 377 and the 23S rRNA genes, which allowed the detection of C. psittaci in 3.4 -50 % of the samples. 378
Genotyping was carried out on 25 C. psittaci strains detected in pigeons sampled in 3 countries. 379
Fourteen of them were assigned to genotype B, 10 to genotype E and one to genotype E/B. 380 analysis, yet they clearly indicate that European feral pigeons are frequently exposed to C. psittaci. CFT, but the ELISA was found to be less specific than the other methods. Overall, serological 406 methods other than the CFT have shown a higher sensitivity, but still needs to be fully evaluated as 407 to their specificity (Andersen, 2004) . 408
A c c e p t e d
In the surveys considered in this communication, infection with C. psittaci has been frequently 409 demonstrated directly with both non-cultural and molecular methods. In addition, the carriage of 410 viable organisms by apparently healthy birds has been ascertained in some cases by isolation of C. by inhalation of aerosols contaminated with faecal dust, feather particles or dried excreta from 435 infected birds (Leopold, 1965) . 436
In 1941, Meyer described the first case of transmission of C. psittaci from feral pigeons to humans. 437 A mother and her daughter had picked up a sick feral pigeon in the street in New York City. The 438 pigeon died after 4 days and, two weeks later, both mother and daughter developed ornithosis with 439 fever and pneumonia. Two thirds of the feral pigeons examined in their environment were positive 440 for C. psittaci (Meyer, 1941) . Since the first description, a number of case reports have Monitoring for C. psittaci infections over time, by direct detection of the organism and/or by 520 specific antibody testing, should also be considered for this category of workers. 521
It may be also speculated that other workers in the urban environment, such as street sweepers and 522 traffic wardens might be particularly exposed to C. psittaci through inhalation of dust contaminated 523 with pigeon excreta. However, no information is available as to an increased risk of infection in this 524 group compared to the general population. Targeted studies might be helpful to clarify this issue. 525
Recommendations should also be directed to vulnerable sections of the population that may develop 526 severe clinical manifestations after exposure to C. psittaci. Accordingly, children should be warned 527 not to handle sick or dead pigeons and immunocompromised individuals should be educated to 528 carefully limit their contact with feral pigeons and enforce strict hygienic procedures when dealing 529 with the birds. 530
In many European towns and cities, a reduced and healthier population of feral pigeons should be 531 included among the aims of administrators and health officers, as a general intervention for 532 preserving urban hygiene. The management of feral pigeon populations in the urban environment is 533 a complex issue that requires careful planning. Before any intervention, an evaluation of the local 534 situation as to the number of birds and their aggregation sites is mandatory. Fencing of buildings 535 with pigeon deterring systems such as net-like structures and other mechanical devices represents a 536 first-line intervention measure for preventing fouling. Administration of contraceptive drugs may be 537 useful for reducing the bird population, but this measure is unlikely to lead to a permanent solution 538
and should be coupled with others, in particular with a feeding ban. Pigeon feeders should be 539 encouraged to stop or limit their activity by at least enforcing a feeding ban in defined urban areas 540 that are close to hospitals, railway stations, kindergardens and prisons, where avoidance of pigeon 541 aggregation is considered as a priority. Building dovecotes and artificial breeding facilities may be 542 also considered for providing a balanced diet to the pigeons and a chance of interaction between 543 pigeon lovers and the birds in a hygienically controlled environment. The personnel attending 544 dovecotes should be adequately informed about the health risks arising from contact with pigeonsA c c e p t e d M a n u s c r i p t 22 and be regularly monitored for C. psittaci infections by DNA or antigen detection methods and/or 546 by antibody testing. For the sake of animal protection, overtly sick birds should be captured and 547 taken into veterinary care. In case chlamydiosis is confirmed, the birds should be appropriately 548 treated with effective drugs such as tetracyclines (chlortetracycline, doxycycline), quinolones 549 (enrofloxacin, difloxacin) or macrolides (clarithromycin) (Theis, 2007; Kinndle, 2007) . In the case 550 of very poor conditions, the birds should be euthanized in order to adapt the population to the 551 reduced food supply resulting from public restriction of feeding. Education initiatives directed to 552 the general public are strongly encouraged to illustrate the relationship between feeding, 553 overcrowding, and the deterioration of living conditions of pigeons. In this context, reliable and 554 unbiased information concerning the health hazards arising from the uncontrolled increase of feral 555 pigeon populations should also be provided to the citizens through a variety of media. Regular 556 interaction with the associations involved in the protection of animal welfare and health, such as the 557
Society for the Protection of Animals, is recommended in order to illustrate the implementation of 558 regulatory measures which need to be adopted. Education and information are fundamental, since 559 the imposition of feeding bans usually does not prove successful given the solidarity that pigeon 560 feeders tend to get from the general population. In this scenario, the usefulness of sanctions for 561 those who defy the ban is questionable, since they might actually prove ineffective as to their 562 intended scope of controlling the bird populations. A c c e p t e d M a n u s c r i p t M a n u s c r i p t M a n u s c r i p t A c c e p t e d M a n u s c r i p t M a n u s c r i p t M a n u s c r i p t A c c e p t e d M a n u s c r i p t A c c e p t e d M a n u s c r i p t M a n u s c r i p t M a n u s c r i p t M a n u s c r i p t M a n u s c r i p t
